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NA!EtoIKG ADvTsrnY co-. FORAEROI'WITICS 

By Jack D. Stephenson and Arthur R. Am&Lo 

Asemispan-triangularwingwitha constan~hmdtzailing+dge 
flap was tested to evaluate the am-c characterfstics of such 
awingfranlanding speeds up to aMachnuuiber of 0.95. Testswere 
included to ascertain the effects of the addition of a body and of 
modifications to the airfoil se&ion. Data are psentedahcwing 
the lift, are&and pitching- nt characteristic8 of the model for 
various flap deflections and the hi- nt characterfetica of the 
f&q. 

As the Nxch mmiber was increased frcm 0.18 to 0.9, the lzLf% 
curve slope increased bg 0.01 per degree, andthe aerodynamic center 
moved aft 5 percent of the man aerodynsmic chord. For the sanm 
inorease in Mach number, the lift effectiveness of the flap increased 
20 parcent, and the pitchIng-maree n-t effectiveness at a constant angle 
of attaok increased 35 percent. At low speeds, the effectiveness of 
the flapwas~intainedtolarge deflecti- andlarge angles of 
attack, and chmges inReynolds nmiber between ~,300,000 and 15,000,WO 
had no sig&ficant effect. -. 

!I!herateofchangeofhInge+mm nt coefficfentwith angle of 
attack had a lszge negative value and becam more negative tith 
increasing Mach number. Therateofchangeofhwnt 
coefficient with contiol-flap deflection had a low--speed value of 
-0.013 and a value of -0.022 at a Mach number of 0.s. 

Data from the tests have been applied to the calculation of the 
longitudinal-stability and -control characteristics of an airplane 

* 
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geometrically similar to the wing-body mdel. The calculations 
indicate that effective longitudinal control could be provided by the 
constant-chord control surfaoe at all speeds, but the hinge-moment 
characteristics were such aa to require a powerful irrevereible 
actuator. 

. 

. l 

I 

IT!EROD~TIOR 

In various investigations of the characteristica of winge 
designed to operate at mderate eupersonic speeds, it has been ehown 
that the lowaspect-ratio triangular wing offers several advantages. 
The low aepect ratio and high taper result in etruotural problems 
less eerious than those usually assooiated with thin wings designed. 
for these epeeds. The beneficial effects of sweep at eupereonic 
8ped8, low-preesure drag, and low drag due to lift have been shown 
to be theoretically poseible for the triangular wing with the apex 
forward and the leading edge swept well behind the &oh wave 
(reference 1). Co-ed with high-aepeckratio wings having the 
same amount of sweep, the triangular wing give8 evidence of superior 
longitudina-tability characteristics at high lift coefficients. 

This report presents reeults of teat0 in the Ames 12-foot 
pressure wind tunnel of a triangular wing equipped with a plain 
constant-chord trailing-edge flap. Tests of the same tie1 with an 
undefleoted flap were desoribed in reference 2. 
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SYMBOLS 

The following syuibole are used in this report: 

drag coeff ic lent 

hingsment coefficient hinge moment 

9bfv 
lift ooefficient 

pitching+moment coefficient ubout the quarter-chord point of 
the wing mean aerowo chord 

pitching mment 

m1 > 
hinge moment, foot-pounds 

Mach nmber x 
0 a 

. 

. 
I- 
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a 

b 

bf 

C 

C# 

=f 

Q 

Y 

P 

P 

. pvc 8 Reynolds number r 
( > 

aoceleration due to gravity, feet per second per second 

rmtmal acxeleratim, feet per second per second 

angle of attack of the wing chord line, degrees 

angle of the flap frcmthe wing chordline, degrees 

flapangle unc3orrectedfor dietortim, degrees 

axea of ths semispan w-kg, square feet 

airspeed, feet per seoond 

speed of sound, feet per second 

wing semispan, feet 

span of the flap, feet 

local chord, feet 

s 

b 
02as 

wing meanaerodynmi c chord, M.A.C. 
( > 

0 , feet 
s 

roo-t;anewquaze chordof the flapaft ofthehgnge line,feet 

dynamic pressure 
( > e , pounds per square foot 

epanwise station, feet 

ooefficient of tieoosfty of air, slugs per foot-second 

mass density of air, slugs per oubic foot 

The tests desuribed in this report were conducted in the Ames 
afoot preesure tunnel, which fs a varlable4ensity wIndtunnel 
having a circular test section edified by the addition Of four 
equally spaoed flat section8 of Afoot chord. The oharacteristio8 
and perform8m e of the wind tunnel are disoueeed in reference 2. 
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The semiepan triangular wing, which was constructed of steel, 
was mounted on a turntable in the flat section on the tunnel floor. 
The unmodified wing had 5percent-thiok, uncambered, double-wedge 
sections with the maximum thicknese at 20 percent of the chord. A 
limited amount of data was obtained with the leading edge shsrp and 
the ridge line (line of nmcdmum thiotiess) sharp, and with the 
leading edge sharp and the ridge line rounded to a radius of 32.22 
peroent of the chord. The major portion of the data was obtained 
with the ridge line rounded to a radius of 32.22 peruent and the 
leading edge ,rounded to a radius of 0.25 percent of the chord. 
Figure 1 shows the dimensions corresponding to the three profiles. 
Figures 2 and 3 are photographa of the model in the test section 
illustrating these modifioations. Dimensional constants used in 
defining the coeffioiente for the Mel are given in table I. 

A wing-body oonibination was formed by the addition of half of a 
body of revolution, munted sgmmetrioally on the wing, as shown in 
figure 4. The coordinates of the body are also shown in this figure. 

A oonstantihord flap having an area aft of the hinge line of 
1.8 squsre feet (20 peraent of the original unmodified wing area) was 
supported on three hinges and restrained from rotation at the inboard 
end by an eleotric straiwge unit and an angle-indexing bracket. 
(See fig. 2.) The flaphadaradius nosewithno aerodynamio 
balanoe and an unsealed nose gap of 0.028 izh (0.37 gerwen-t of the 
flap chord). Flap angles in increments of 2 from 30 to -30' could 
be set by mans of the indexing bracket. In tests of the wing-body 
oombination, the flap extended into the fuselage through a cover 
plate which was ohanged for each flap setting. It was necessary to 
leave clearance in the plates to allow for the deflection of the flap 
due to the aerodynamic load. These gaps averaged about fiv-ighths 
inch in width at the trailing edge and tapered to a small olearance 
at-the hinge line. 

The gap between the wing root and test-section floor was between 
0.01 and 0.15 inch where the wing root extended beyond the turntable; 
consequently, some air leekage was possible. The boundary layer on 
the tunnel floor, the displacement thickness of whioh was 0.5 inch 
at the model, was not removed. 

CORRECTIONS TO DATA 

. 

Corrections have been applied to the data to acoount for the 
effects of tunnel-wall interference, constriction of the air stream, 
tare forces on the model-support plate, and distortion of the flap . 1 
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under load. All corrections except that for the distortTon are the 
8ame as thoee used in reference 2 and are a rmmwrized aa follows: 

Tunnel-Wall Corrections (Added) 

hr = 0.722 CL 

=D = 0.0107 CL2 

L!cm - 0 

Constriction Correction6 

The following table gives the uncorrected Mach number and the 
ratfo of corrected Qnamic pressure to the uncorrected dymmlc 
pressure corresponding to the Mach ntmibers for which data are 
presented: 

Corrected 
Mach 

nmber 

0.40 
.50 
.60 
-70 

:g 
-90 
-93 
-95 

UncorrectedMachnumber 

0.400 
-500 

:g 

:is; 
,892 
.918 
0933 .912 

q, corrected 
a. uncorrected 

Tare Corrections 

Wing alone 

1 .ooo 
1.000 
1.000 
1.000 
1.004 
1.006 
1.009 
1.013 
1.017 

1.000 
1.008 
1.010 
1.012 
1.018 
1.024 
1.034 
1.043 
1.052 

Tare correctiona were applied to account for the turntable drag 
but not for aerodynamic interference between the mdel and the turn- 
table. The tare4rag coefficients were found to vary with Reynolds 
nlmiber only. The values are a8 follows: 
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Tam-drag coefficient 
Reynolds nu&er . Wing alone Wing andbody 

5.3 x 108 0.0032 0.0022 

15 x 106 .0028 .0018 

No. A8E03 

No correction was applied for the effect of air leakage between 
the turntable and the tunnel, although there waa soap9 evidence that 
this leaka.ge myhave af'fectedthe drag data slightly. 

FlapDiatmtion Cmrectiona 

Angulax deflqction of the flap under lead was Imown to be appe- 
ciable because of the low rigidity of the restrafting bracket and the 
flap itself. 31 order to determine themgnitude of the distortion, 
maaurelnenta were made of the angular displacement, at three spanwiae 
stations, of the flapunderaerodynamIcloading. Thiawad done by 
measuring,with the model in the air stream, the deflection of beam6 
of light reflected from mirrors on the flap at each station. The 
dIstortion of the flap 88 a whole, which was assumed to be the average 
of the values at the three atationa,waa then correlatedwith the 
hinge mcment. The diatorticmdatawere obtainsdonlywhenthe test 
sectionma apqroxLmtt3ly at atmcapheric preaaure and, therefare, at l 

relatively low Mxch nuniber. T&I effect upon the cmrection of changes - 
in the load diaizributim resulting from chsngea fn M%h nu?&er was not 

-- conaideredbecanae the lnsantcxraionaJ deformation of the flapwas .- 
found to be an~ll ccmqaredwith the angular &flection ariginating 
in the reatxaining bracket. Since the flapwaa set byrneana of an 
indexing head which lPebintaFned fi&d no--lead angles, each eerie8 of 
datawaafora snvsbllrange offlapanglea. Datafor conatantflap 
angles ar cona-tant angles of attack were obtained by 5nterpolatIn.g 
graphically between teat pointer. CarewaataJsentopref3ervea.n.y 
irregulaxitiea, so that t&e uniformity of the test points within any 
one curve is typical of the uncorre&ed data. 

Teats were lnade to ascertain the Uft, dra=g, and pitch-nt 
chazacteriatica of the mod61 and the hw nt characteristics of 
the flapaatheyare influencedby changes tiReynolda number and 
Mach number. The flap couldbe deflectedthruughoutarange ti anglea 
from -300 to +30°, but at the higher Mach numbers a.nd higher dynamic 
pressurea the range was limited by the atiair+gage capacity and by 
excessive vibration of the flap. The angle of attack was varied from - * 
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-100 to +300 for the w~-ekme tests, and from -18~ to +lB” for teats 
with the wingaody oanibinatim. Bm3s ranges were also redmed at 
high spabe=me of the excessive hinge 10d13,tibratim,and 
limitations of wir~&tmnelpower. 

%ta were obtained at constant Mach pumbers frm 0.18 to 0.95 
with the tumelatthe pessures requiredfor aRepolds number of 
about 5,300,000, We highestReynol&s number for which high M&ch 
number data oouldbe obtainedoveramoderate angle-ofdttackrange. 
At the lowest Mach m&m, 0.18, the effect of increasing the 
Reynolds number tol~,OOO,OOOwas determIned. 

RJHOIQS AED DIS'XSSION 

Tests have been mad9 to investigate the characterietics a? the 
wlngs~aneandthewinginoaaibinatianKith~f~elageunder~ 
variety& conditions within the capacity of the J24ootpressure 
tunnel. Initial tests showed that the effects of some ohmgee were 
quit8 mall, p3raitting the elJminatim of oertain portions of the 
test program. As shown in refereme 2, chmges fnReyno1d.s number 
frcuu 3,500,OOO to 5,300,000, the msimum extent poesfble at high Wch 
nmiber, had practically no effect, andachsngefram1~,000,000 to 
27,500,OOO at 0.18 Mxch number caused only a smll decrease in drag 
coefficient an& little ohange in other data. l3eoaus-e the pftching 
moment of the Hng at high angles of attack see-d to be affected by 
&chnmiber evenatlow speeds, trests weremade atseveral.Mmh 
numbers for which mdinarily no effecta of oompess1bilitywould be 
expeoted. 

Results axe presentedgraphfoallyinthierepartfararepre- 
sentative series & testoonditions,and dataare tabulatedfm 
Intermediate oondttions. Exceptfaralimitednuniber of mrveswhioh 
show a oorrqarison of the data obtained with the slightly modified 
airfoilsecticms, the dataarefO17 thewizghaving%eleadlngedge 
raundedtoaradiusof0.0~0andtheridgel~roundedtoaradiue 
of 0.3222~. 

WingAlcme,LowM%ohIWiber 

Angle of attack, drag ooeffioient, and pitchlngatam nt Wfficient 
as functions ti the lift coefficient, and hhgeacmnt coeffioient as a 
funotionofangle of attack- -preeentedinfigmes 5 throughlofar 
the~alaneasdFnfigLlres1lthrough16farthexingwith~ 
melage. S3milar datafar l.ntermediate testconditims sze presented 
in tiLbles II through Ix. 
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Figure 5 shows that the effectiveness of the flap in producing 
lift and pitching moment at low Mach number'was maintained throughout 
the range of flap angles from &!4O to +24O, When the angle of attack 
wa8 increased to 14O, the pitchiwmnt curves indicate that there 
W&B a sudden forward shift in the center of pressure accompanied by a 
Blight lose in lift. The shift became greater and mOre abrupt as the 
flap was deflected to increase the lift. The angle of attack at which 
the shift occurred was not influenced by a change inReynolds nuniber ' 
from 15,000,000 to 5,300,000. (Compare figs. 5 and 6.) An investi- 
tion of the o&uses of the break in the pitchi~ment curves of a 
similar triangulaswing model is described in reference 3. 

AE the flap was deflected to angles over U", the minimum drag 
began to increase and the variation of drag with lift became somewhat 
greater (fig. 6(b)). The lift coefficient for minimum drag changed 
slightly with flap angle, increasIng with positive deflection of the 
flap. Figure 6(c) shows that the variation of hlwment coeffi- 
cient with angle of attack was negative and large. Within the range 
of flap angles between *12', the curves are smooth except at the 
angle of attack where the break in the pltching+noment curve occurred. 

Wing Alone, High Mach lVuniber 

The aerodynamic characteristics of the wing alone at Mach 
numbers of 0.70, 0.85, 0.93, and 0.3 are presented in figures 7 
through 10. Below the angle of attack at which the oenter of 
pressure shifted suddenly, there were nearly linear variations of 
angle of attack and pitchimment coefficient with lift coefficient 
over a wide range of flap settings. As the %ch number was increased, 
the slopes of the lift curves increased gradually, and the slopes of 
the pitching-moment curves becsme increasingly negative. The control 
flap remained effective throughout the whole range of Mach numbers. 
The shift in the center of pressure occurred at approximately a 
constant angle of attack regardless of flap angle for any one Mach 
number. As the Mach number was increased, this.discontinuIty was 
delayed to higher angles-of attack, but the abruptness and extent of 
the center-of-pressure shift became greater. A comparison of the 
drag data at various Mach numbers shows that the drag rise with lift 
decreased slightly with increasing Mach nud&er. When the flap was 
deflected more than 60, there was a considerably greater increase in 
minimum drag coefficient with Mach numiber than that for the model 
with the flap neutral. 

The large negative variation of hinge moment with angle of 
attack became greater aa the I&ch number inoreased, partictiarly for 
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the higher angles of attack. A divergence of the curves for constant 
flap angle at the higher Mach numbers indicates increased hing+ 
moment variation with flap deflection. 

Effect of the Body 

Data obtained with the wing-body combination are presented for a 
Reynolds nuniber of 15,OOO ,000 at a Mach number of 0.18 (fig. ll), and 
for a Reynolds nuniber of 5,3OO,OoO at Mach n&era of 0.30, 0.70, 
0.85, 0.93, and 0.95 (figs. 12 through 16). Addition of the body 
caused a slight reduction of the static longitudinal stability and an 
increase of the minimum drag, but did not change the lift or the shape 
of the drag curves. The variation of hinge lIKsment with angle of attack 
was slightly greater than that measured for the wing alone, probably 
because of the pressure differential over a psrt of the flap within 
the fuselage. 

Effect of the Flap 

Variations of lift coefficient, hitchi~ment coefficient, and 
hinge-moment coefficient with flap deflection at zero angle of attack 
are shown in figures 17 art-d 18. Figure 17 shows low Mach number data 
for the wing alone and the wing-body combination at a Reynolds number 
of 15,cm,000. Data obtained at a Reynolds number of 5,300,OOO axe 
presented in figure 18 for a series of Mach numbers from 0.18 to 0.95. 
The lift and pitchingJnoment coefficients varied linesrly over a lsrge 
range of flap angles, the effectiveness increasing somewhat with Mach 
number. The hing-ment curves decreased (algebraically) in slope 
fairly rapidly with increases in Mach number, particulsrly for negative 
flap angles beyond -&O. The effect of adding the b&y was to cause a 
slight reduction in flap effectiveness but to increase slightly the 
absolute value of the variation of hingg-moment coefficient with flap 
deflection. 

IEffect of &ch Cmber 

Figure 19 shows how the lift, pitching moment and hinge moment 
varied with Mach number at an angle of attack of Od for several 
constant flap angles. For flap angles greater than 4O, the hing- 
moment coefficient underwent considerable change with &ch number; 
whereas the chsngesinliftalld pitchiwment coefficients were 
relatively small. 
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The minimum drag coefffcients are shown in figure 20 as a 
function of Mach nmiber for several flap angles. The large increase 
in minimum drag with flap deflection, when the Mach number ezoeeded 
0.60, suggests an important loss in wing efficiency if large flap 
angles are required in order to provide balance. A similar loss 
would result from large positive deflections if the flap were used 
as a lift-producing device in this speed range. 

Figure 21 shows the variation with Mach number of 1ifGcurve 
slope and aerodynami c center. The llft-ctie slope at zero lift and 
0.18 Mach number was 0.038, becoming greater with an increase in 
either lift coefficient or Mach number. The aero~c center began 
to move aft at 0.40 Maoh number until at 0.9 Mach number the total 
displacement was 5 percent of the mean aerodynamdc chord. Figure 22 
shows the variation with Mach number of the lift effectiveness %/h 
the pitchi~ment effectiveness &&/a, and the location of the 
aerodynamic center of the l& due to the flap, measured at zero angle 
of attack and within a range of flap angles near zero. As theMach 
number in&eased from 0.50 to O.B, data for the wing-body combination 
showed an increase of 20 percent In lift effectiveness, an increase of 
35 percent in pitohi~ment effectiveness, and an aft movement of 
the aerodynsmta center of the loading due to control-surface deflec- 
tion smotiting to 6 percent of the mean serodmc chord. 

Slopes of the curves of hinge-moment uoefficient against angle 
of attack a/&, measuredwith the flap undeflected,andhinge- 
moment'coefficient against flap angle &&/a&, measured at zero angle 
of attack, are plotted in figure 23. There iras a decrease of about 
20 percent in the algebralo value of &h/&c as the Mach number was 
increased from 0.18 to 0.90. The valve Of &h/&3 deareased 
algebraically with increasing Mach nunfber, the decrease becoming ny)re 
pronounced as the Mach number exoeeded O,gO, At a Mach number of 0.9, 
&h/&j was 160 percent of the lo-peed value. 

Lift&rag Ratio 

. 

Figure 24 presents the variation of lift;drag ratio with lift 
coeffioient for the win&body combination at three Mach nmibers: 0~18, 
0.30, and 0.93. Thie variation affords a measure of the efficiency of 
the configuration when the flap is deflected, either to provide 
balance or to obtain increases in lift. Since the lllodel was symmetrical 
about the chord plane, the curves may be used to represent positive 
flap angles by reversing the signs of the axes. It is evident that 
the loas in lift-drag ratio accompanying nemtive flap defleotions is 
important if it beoomes necessary to deflect the flap in the dire&ion ' r( 

. 
a-- 
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such as to reduoe the lift in order to provide longitudinal balance, 
and that a substantial gain in liftrdrag ratio oould.be realized if the 
movable surface were deflected to positive angles and used as a 
landingflap, In addition to improving the lift4rag ratio, the use 
of the surface as a landing flap offers a means of avoiding the 
excessive angles of attack otherwise required in Larrding (fig. IL(a)). 
The effect of adding a horizontal surface, whicsh would be necessary 
to balance the pitching moment due to the flap, must be included In 
any evaluation of the gain in lTf=ag ratio associebted with these 
positive flap deflections. At a Mach rnmiber of 0.93, improvement in 
the lift-drag ratio resulting from the effective cauiber due to a down- 
deflection of the flap was offset by the increase in -dragwith 
flap deflection. The lift-drag ratios of the triangularr ting were 
low under all condifions, and the msximum values for the w%@body 
oombination;whloh oocurred at a lift coefficient of about 0.2, were 
never greater than ll. 

W!emfile Modifications 

Figures 25 through 28 indicate the ae rodynamic effects of 8lTghtl.y 
modifying the wing profile. Cwes presented in these figures are 
uncorrected for flap distortion, the effect of which was investigated 
only for thewingwdtharoundedleadingedge a~roundedridgelines. 
In the investigation of the effects of-the modifications to the airfoil 
section, the wing was first tested with true double-wedge seut90ns and 
was subsequently tested with -MO alterations, rolllzded ridge line8, and 
a rounded leading edge with the rounded ridge lines; (See fig. I,) 
Effects of the edification are noticeable only at the higher an&Lee 
of attack and, in psrticulsr, above the angle at which the discontinuity 
in the pitching~ nt ewe appears (fig. 25). Rounding the leading 
edge restitedina slightly reducedlwwe slope andanTncreaee 
in the static stability at the higher angles of attack. The cena 
of-pressure shift occurred at a 8omewbat lower angle of attack for 
the rounded profile, Only smsU. ohbges in hinge-moment chsreoterlstics 
resulted from the &fications (fig. 27), the principal differexes 
appearing at the angles of attack nesr the centeMf-peesure shdfb. 
There was no apmnt effect of rounding the ridge lines. 

Data from the tests have been used in the caloulation of the 
stability, maneuverability, control9lesp hinge moments, and s5nHng 
speeds of a tailless airplane employing a triangular ting in flight 
at subsonic speeds. The airplane was chosen to be geometrically 
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similar to the model tested with the fuselage and the wing with 
rounded leading edge and ridge lines. Dimensions of the airplane 
were assumed to be as follows: 

Wi~~ea........................ 5OOSqft 

WingspEm ........................ 31.91 ft 

Control-flap area ................... gO.80 sq ft 

Flaphingemoment ................. 281.8 Chq ft-lb 

Consideration of the requirements for longitudinal control to 
be provided by the oonstant-chord flap led to the assumption of an 
irreversible control actuator. This assumption was a result of the 
hinge-moment investigation, which indicated that the stiok-free 
neutral point was a considerable distance ahead of the aerodynamic 
center of the wing. IX' the center of gravity were located sufficienZl;y 
far forward to obviate the need for irreversible controls, the large 
up-elevator angles required for level fl&ght would impose serious 
limitations on the maneuverability of the airplane and result in 
high drsg due to the large angles of attaok. A center of gravity at 
32 percent of the mean sew c chord was chosen, based upon the 
requirement for the maxdmum maneuverability without allowing the 
airplane to become unstable (tith irreversible controls) at low speed. 

Figure 29 shows the lift coefficient, the hinge moment, and the 
control-flap angle as a function of Mach number for the airplane in 
level flight at 30,000 feet altftude. Although the flap-angle 
variation is stable over the range below 0.93 Mach ntmiber, the 
control-force variations indicate marginal stability. If a trim tab 
were used to trim out the large push force, stick-free instability 
would result at all Mach numbers. The control-surface angles and 
control forces required in a oonstant-speed maneuver which produces 
a cJhange in the normal acceleration are shown in figure 30 for 
various Maoh n&era from O.&I to 0.95. It Is assumed that the 
airplane has a wing loading of 60 pounds per square foot and is 
operating at 30,000 feet altitude. The control-flap angle necessary 
to increase the norms1 acoeleration becomes greater at the higher 
accelerations for the Mach n&era above 0.70, indioating the effect 
of the increase in statio stability at high Mach number and high 
angles of attack. At the lower speeds, increasing push forces are 
required as the normal acceleration is increased. The nonlinear 
variation of control-flap angle with normaJ. acceleration factor at 
the higher Maoh numbers, larger angles being required at high lift, 
results in the reversal of the slopes of the control hingmment 

. 

. 

- I( 
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curves. At the highest,'Mach numbers, 0.93 and 0.9, a large 

- (negative) change in &/a6 causes the floating angle to be 
reduced to the ertent that a pull force is needed for balance in the 
maneuver. The sharp rise in hinge moment with increase in normal 
acceleration above 2.8g at,a Mach nuniber of 0.95 indicates that 
structural requirements of the control actuator may be a major 
problem, if even moderate maneuverability is to be attained at this 
speed. 

Is- 

. 
-. 

The steep power-off gliding angle resulting from a low 11% 
drag ratio at high anglee of attack is one of the objectionable 
characteristics associated with this type of airplane, Figure 31 
shows the sinking speed, hinge moment for balance, control-flap 
angle, and angle of attack as a function of glidingspeed at sea 
level. The minimum power-off sinking speed for the lightest wing 
loading considered, 20 pounds per square foot, is 32 feet per second, 
and occurs at a forward speed of 19 mIlea per hour. For the &pound 
wing loading, the minimum sinking speed is 45 feet per second at a 
forward speed of 270 miles per hour. Reference 4 indicates that some 
reduction in the vertical speed during a lading would result from 
the large ground effect upon the triangular wing. Bwever, figure 31 
shows that even the moderate wing loadings which were assumed result 
in sinking speeds that sre substantially greater than those thought 
to be safe for piloted airplanes (reference 5). The data indicate 
that considerable difficulty may be experienced by a pilot of an 
airplane employing a low-aspectiatio triangular ting in landing 
without power. 

The following conclusions have been drawn from the results of 
tests of a triangular wing mdel with a constantihord plain flap: 

1. At low speeds, the flap was effective in producing changes 
in lift and pitching sxxaent to deflections as large as 24O. Changes 
InReynolds Ilumber between 5,300,OCO and 15,000,OCO had little 
effect, except at flap angles over 200. 

2. Exreasing the Mach number frm 0.18 to 0.95 caused the 
aerodynamic center to move re arward about 5 percent of the mean aero- 
dynsmic chord and the slope of the lift curve to fncrease by about 
0.01 per degree. 

3. For the ting+ody combination, the lift effectiveness of the 
flap increased with Mach number by 20 percent of the low-peed value, 
an& the pitchinpment effectiveness at a constant angle of attack 
increased 35 percent between Mach numbers of 0.18 and 0.95. 
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4. The variation of hingc+moment coefficient with angle of 
attack was negative and large under all conditions, and its alge- 

3 braic value decreased 20 percent between Mach numbers of 0.18 and 
0.90. 

5. A considerable change with Mach number was found for the 
variation of hinge-moment coefficient with flap deflection. At a 
Mach number of 0.95, this variation had increased to 160 percent 
of the low--Bpeed value. 

6. The lift-drag ratios were generally low and were reduced 
considerably by upward deflections of the flap, such as are required 
to balance a tailless airplane in flight. At low speeds, an 
improvement in the lif-&Irag ratio resulted from small positive 
deflections, but at the higher Mach numbers the improvement was 
offset by the rise in minimum drag with .flap deflection. 

7* For a given &ch number, the sudden shift of the center of 
pressure of the wing oocurred at about the same angle of attaok for 
allflapangles. Increasing the Mach number delayed the shift to 
higher angles of attack and oaused the abruptnees and =unt of the 
shift to increase. 

8. Calculations were made of the characteristics of a tailless 
airplane consisting of a triangular wing with a fuselage and using 
a constant-chord plain flap for longitudinal control. Results of 
the calculations may be sununarized as follows: 

(a) The hypothetical airpla ne had a stable variation of 
control-flap angle with speed until the Mach number 
exceeded 0.93. 

(b) At Mach nu&ers below O.gO with the center of gravity 
at 32 percent of the mean aerodynamic chord, a large vsriek 
tion of flap hinge moment with angle of attack resulted in 
stick-free instability and, unless an irreversible type of 
control actuator were employed, large push forces would be 
required in a maneuver to increase the normal acceleration. 
The effect of inoreasing the Mach number above 0.9 was to 
cause the push forces to diminish and then becoms pull 
forces. 

(c) The forward speeds and sinking speeds associa+ed 
with the 1ow~specLratio triangular wing in a power-off 
approach were so large as to indicate that scsne power 
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would have to be applied if a safe landing were to be 
acconrpli&ed. 

Ames Aeronautical Lab0rator.v. 
Eational Advisory Co&-&e for Aeromutics, 

Moffett Field, Calif. 
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!CABUI -MODEZGEOME!I!EJICDATA 

Area aIT semispm wing, S 
With rounded lea- edge . . . . . : . . 8.84 sq ft 
With sharp leading edge. . . . . . . . . . . 9 w ft 

Mean aerodynamic chord, cf 
With rounded leading edge . ; . . . . . . . . 3.93 ft 
Withsharpleadingedge............ 4 ft 

Wingsemiepm,b . . . . . . . . ..I..... 3 f-b 

Root-meae-square chord of the flap, 
wingalone .. ... . .. .......... 0.6107ft 
Wing and body ................ 0.6043 ft 

I sYEi.lfaikZef ?t .“T ........ i .... 3 f-b 
i Wil3BandbOdy ............... i.565 ft 

‘u 

. 
.- 
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Table II.- Aerotivnamii charac ferkffcs of a frianguf ar win 
Reynolds numbe< S,3UCj 8 00; wifh~ variou5 flap angles. 
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Tub/e ZL- Aerotfynumicc 
With VUnOUS f/o 

B 

cburucterist~cs of 0 frian uhf whg 
UfftJi8S. 
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Tub/e IL-- Aerodynamic churacferisffcs of o frianguh win 

wffh vafious f/up angles. Reynolds number, 5,300, 00 j 8 
Much number, 0.90. 
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TobfeY5FAerodynamic churocterisfics of u frianguhr wing and Q 

fuselage for vurious ffap angles. ReynoM.. number. 5,300,000 i 
Much number, 0.50. 
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Tobh WI-Aerodynumk cbarucferistics of u /rhngwhr mhg und a 
fuseiuge hr vurious flap ungles. 
Much number, 0.m. 
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Figure 2.- The semispan tranglaar wing with. char-p ridge linea 
and sharp leading edge mounted in the Ames l24oot pressure 
wind tunnel. 

Fignre 3.- Thetriangularwingwithroundedridgelines anda 
roundedleading edge. 
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Figure 9.- The oetvdynomic chomcferist~cs of 0 ffhgulor wing 
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Much numbe/; 0.93. 



. 

l . 

. 

lVACA RM No. A8E03 

.28 

. Ii . ei .20 

?! ./6 

./2 
E 
& .08 

s .oQ 

0 

-./2 

I I I I I 

-8 -4 0 4 8 12 
Angie of atfmk, a 

r 

-. 

L 

45 



(d CL VS a# CL VS cm, CL VS CD 
F 

Figure IO.- 73e oetvdynamic chcrroclpistks of a triangular wing WiM z! 

varkws flap anghs. Reynolds numbq S,3m,OOC; ? 

Mach numbq 0.95. B w 

. 



IfACA?3MwO. A8EO3 
. 

l . 

. 

. 

-C 

.36 

.32 

.28 
oc 

0.08 
4 0 4 8 12 
Angle of atfuck, a 



:8 

-A5 -Ip -8 -4 0 4 8 12 I6 0 .0408 i2 .I62024.28.2 

(0) CL VS a, CL VS Cm, CL VS CD 
Figure If.- The aervdynamk chamcteristics of a triangular wing and a fusdoge for 

varlaus flap angles. Reynolds number, fS,OOO,OO~ Mach number, 0.18. 

. 

‘. :- 
. . . 



. 

- . 

. 

NACA RM No. 

. . 

. -. 

s 6 9 B p -- 0 t\ I 
704 

708 

-.I2 

-./6 

-.20 I 

724 

I i i i i i 

-16 -I2 -8 -4 0 4 8 12 16 

Angie. of ut?‘ock, u 

l2?++ a vs Q 

Ffgffre ff.-Conc/uded. 



4 dw 
b 4 
0 0 
0 
0 1: 
v -8 
Q -I2 
v 46 

48 -d? 

6 

/a) CL VS a, Cr VS Cm 

F/gun9 f2.- The a,yodynamic characfer/scs of a fihmr whg and a fusefcy# 

hr variow flap an@. Reynrrls numbe/, q3OQOO0, Moth numbw, 0.3. 

. . 
, I’ 

. 



FUGA RM T?o. A8EO3 

v . . . 

.6 

-.6 

-.B 

0 .04 -08 ./2 -16 .20 .24 -28 .32 .36 

Dfag coefficie'enf, CD 



. 

NACA Rb¶ Ro. A&El3 

036 

.28 

I I i i 7%. i i hi PLI 

. ’ 

. 

-20 -16 -42 -8 -4 0 4 8 /2 16 20 
Angk! of attack, u 

64 cn bfs u 

Figufe /2.-Cmc/ucieci 

. . . . 

. .* 



I 

. 

. . 



56. I?ACARMNCLA~E~~ 

.36 

.32 

A9 

.m 

.20 

~3 ./6 

./2 

.08 

04 

0 

-04 

. -.Q8 

-./2 

t/6 

-.2a 

44 

-16 J2 -8 -4 0 4 8 1’2 16 20 
Angh of iMuck, Q 

. ’ 

. 

. . *. 



. :. 
. 

. I . 

I I I I I I I I I I I I I,, , , xl I I I I I I d-+H g 

I i i i 

(a) CL vS a, CL vs GVP, 4 vs G 

F&we N- 739 aetqPnamlc t2htm7c~~~st~cs of a triangu/af why and a fuselage 

for various flqo an@. tikpndds number, S,JOO,OOOJ Mach numb, 0.83 
8 



l!JACA RM No. A8no3 * 

40 

36 

.32 

29 

.24 

20 

I ! ! ! Y? !\. ! Y. ! \.! 

-/6 -12 -8 4 0 4 8 12 16 
Angie of ottock, a 

. l 

. . 

.I 

. . . 



:. 
. . . 

-8 

-/2 

Figum /LX- 77~ twodynamic choracferistics of tr hang&r wihg and II fuse/age for 

Vdxw ftap angles. Reynofds number, S, 300,000) Mach number, 0.93. 



58 TWA FM No. A&E03 

.36 

.3? 

.28 

20 
CT 
$’ ./6 
Q 
p J-2 
3 

-.04 

508 

-./2 

-./6 

I 

-12 -6 4 0 4 8 /2 
Angle of crffcckJ Q 

(b) Ch VS a 

Figure /5Concluded. 



_’ 

9 ; 

II -2 t47,/9’ I 

1 1 1 i i i i i I I i t 

(U) CL VS a, CL VS Cm,.,, CL VS CD 

F@ure It% The aerdynumic characteristics of a triangular wing 
and a fuselage for various flap angles. 
Reynolds number, S,3OQOoO, Maa? number, 0.95. 

. 



.48 

a36 

32 

* .28 

04 

0 

-.04 

-08 

-f2 

-./6 

-20 

-24 I I I I I L I I\I I I 

-84 0 4 8 
Angle of attcrck, a 

(b) ch vs a 
v 

Figure /6-Concluded. 

. - . . 

. 
I. 



. 

- . 

. 

c 

. 

. 

.I 

HACARMk. -3 61 

.3 708 
c3= 
Ii . -2 43 

32 3 ./ -.I6 

c, 

1 0 

-./ - 

k 
2 -.2 

53 

. 

-24 -20 -16 -t’2 -8 -4 0 4 8 /2 16 20 24 
F/ap deflection, S, deg 

Figum /Z- The voriafion of /ift# pifcbing-moment, and hinge-moment 

coefficient wifh flap deflection for a ffhguhf wing u/one 

und with u fuseluge. Reynods number, IS, 000,000: 

Mach number, 0.18; Angle of affack, 0.” 



62 
. 

NACA FiM ITo. A&El03 

L & 
0 

-.2 
2 .$ -.4 
g m.6 
8 c, -.8 

s -10 
NJ -L2 

3 .20 

$ ./6 

& f2 
.08 

P 

8 .2$ 
.04 

8 
0 

-.04 

- . 

. 

,. -H-20-/6-/2-8-4 0 4 8 /2 162024 
fiup cfeflecfion, 8, deg 

figure /8.- The variation of /iff, pitching-moment and 
hinge-mohent coefficiefffs with flop deflection for 
u trianguhr wing done and with a fuse/age at 
several Mach num&ers. ReynoMs number 5,300,OOO; 
Angle of oftack, 0.’ 

. . . . 

. 
s. 



. 
NACARMI'b.A8ED3 63 

- . 

. 

-.I0 

-.// 

. . 

6 Wing done 
n Whg und body 

./8 

-20 -16 -12 -8 4 0 4 8 I2 16 20 
F&o dsf/ecf&n, S, deg 

(b/ Ch vs S 

Figure f8.-Concfudea’ 

. . . 



64 NACARMNo.A&EO3 

0 

end body 8, deg 

.2 .3 .4 .5 .6 .7 .8 .9 /.O 
Mach number, M 

Figure /9.- The effect of Much number on the lift, 
pfY&ing-moment and hinge -moment coefficients of a .- 
tf ianguhr wing u/one and with CI fuse/age for 

vufious f/up angles. Reynolds numbe5 5,300,OOO. 
Angle of attuc!, 0.’ 

. - 

I. 



I 

- . 

EACA ?3M No. A8Eo3 65 

. 

I I I I I I I 14-1 I I I i I k I 
I I I I I I I IO 0 1 I I t I I dl I 

I I I I I I I la I I IA I I I 
2 -02 

8 

0 

W/ng crnd body 

.2 .3 .4 -5 .6 .7 
Much number; M 

8 .9 LO 

. 

Figure 20.- The effect of Mach number on the m/n/mum drug coeff/c/en f 
of a trhnguhr wing done and with u fusefage fir vurfous 
fhp angles. Reynofds number, 5,300,QOO. 

I. 
. . 



NACA RM Ib. A8Eo3 

I I I Lift-curve dope I I 

1 
Aerodynumk cent 

-2 .4 .6 .B i. C ? 

Much number, M 

Figure 21. - The effect of Mach number on //ff - curve 
slope and aerodynamk center of o frhguhr wing 
done and with u fuse/age ot o Reynolds number of 

5,3oqooo. 

. - 

. 

.- 

. . . . 

. . . 

. 



. 

- . 

-. 
-. 

. 
*e 

IUGARMNo. -3 67 

f 4 Measured fhfough 

I k- Meusufed through S=O 
I 

.4 .6 .8 
Mach number, A4 

figure 22.- 7’be vafiation w/M Mach numbef of fbe 
f/up ef fee fheness md aerodynamic cenfef of 
the /oodhg due to the flop for 4 ffhnguhf 
wing done and wlfh (7 fuselage, 
number, 5,300,UOO 

Reynoids 
Angle of uf tack, Uf 



Hhg und boQ - 
W&n@ ----. 

_. a=Oo 
-.Of , I I I I I I 

CL Measured tbrougb 8=0 

0 .I 

-. 
tc I -.Ol 

0 

I I I I I I I I 

I 
I -- 

3 
.2 .3 .4 .5 -6 .7 .8 .iJ I.0 

Machtw??bw* In 

Figure 23.- The effeof of b!ach number on the vor/ation of hinge-moment coefficient r 
with angle of &tack and with ffap deflect/on for a frianguiar wing 
done and with o fuselage. Reynolds number, 5,300,OOO. El w 

. 
. 

: ’ 



: . 

d 4 
c? l 
P - 

I I 

-4 --v--v. 
----- 

-8 -q--” 

. 

8 

-.8 -.6 54 -2 0 2 .4 .6 54 -2 0 2 .4 
I 

LIP7 coefib( c, -.4 -2 0 .2 .4 LhY coefhdtw~ c, 
Lh7 colsahl~ c; 

F&we M-The va&%m of tiff-dmg mtio with lift coefficjen# for 

a Mngufar wing wijh a fuseloge. 



I2 

LO 

.8 

0 ridge, sharp L. E. 

q hbund ridge, sharp L. E. 

-2- 

-A - 

-.6 - 

-8 4 0 4 8 1’2 16 .?I9 .kS .M .08 ~74 0 44 708 -.M 

An#e of afta&, a F?iM&7-mtnnsnt tzo&fi*$ Gm 

Figwe 25The effect of m&r modb7caiiW ?a the wing profile on the lift 

and pitching-moment chatucteristics of o triangular wing. 

R@yno/ds numb@, tq 000,000; Mach number, 0.18. 

-a 
0 

. 
: . 



8 -4 o 4 8 f2 A5 20 4 P 08 L’4 0 44 -08 -A? 45 -20 

Angle of a*, u pitdring-mamsnl CoeffhW G 

(i$ Mach nwnbe{ OM, I 

F&e 26.-T& effect of mhor modificatllons to tie wing pvife on the lift 

and pitching-mounwnl chartM9dstics of a frianguiar whg. 

IiWdds numbe5 S,300,000. 

. I , I 



. 

c 

Rtnmd ridge sharp LE. 

-8 .-4 0 4 8 12 A6 20 16 .M 08 04 O-.04-08-Z -J6 
A@ of otlbck, a /3~h#-monlent r2oeaYiit 6 

(2) Mach number, 0.70. 

Figure 26.-Continued 

, 
: . 



. 
I : . 

. 
. 

. . 
. 

l . 

.4 %i A ftound ridge, 

8 

ti2 
:p 

8 l (g a I I I I I I I I I I I I I 

’ -8 -4 0 4 8 12 /6 ./6 12 .08 .04 0 704 508 42 
Angle of attack, Q R$ching-moment coefficiet, I;n 

fc) Mach number, 0.85. 

Figure 26.~Com!inued. 



: . 

.2 
t i i i iXFZi .i 

CY 

X? Y 

ii 

IIIIIIIIIIIIIIIIIl~l II III 
~lllllllllllllllll1Illllllrll 

Sharp 

sharp 

sharp 
8ouMf 

ridge, 
LE. 

ridge, 

(d) Mach numbers, 0.93, 0.95 

Figure 26.~Concluded. 

l . 

I 



JXACARMNo. A&03 75 

- . 

l 

.24 

./6 

- .$ .08 

e 
8 

.04 

3 0 

P 
i2 -.04 
k 
s -.08 

-./6 

III I I I I I I I 
0 Sharp ridge, shfffp L. E. 
n Round ridge, shofp L. E. 

I I I I I I I lvs..l I I 1 

I I I I I I l l l l 

. -8 -4 0 4 8 1.2 16 20 24 28 

Angh of uffock, CT 

Figure 2Z- The effect of m/nor mod/flations to the wing pfofiile on 

the hinge-moment chomcterhtf..s of Q fr/ongu/ur w/no: 
. 

. . 

. . 

Reyno/ds num&er, 15,000, OW; Moth number, 0.18. 



76 l'?ACA RM No. A&EC3 

0 Sharp ridge# sharp L. E. 

fl f?ound ridge, shurp L. E. 

r\=N I I I I I I I I I I 
I I I I I I I 

-J6 

-.20 

-24 

9.28 

-.a% 

I i 7% i i i i i i i i i Kki 
t i i PA i i i i i i i i i ‘Whl 

’ - ‘1 ’ “‘1 r Ir a ‘, ’ 
-8 -4 0 4 8 1’2 /6 20 24 28- 

Angle of uttack, u 

(0) Much numberp 0.18. 

F’lgure 28.-The effect of minor modrficufions to the 
wiffg profile on fhe hinge-momenf chumcfef~sfics 

of ff fr/olnguk?r wing. Reyno/ds number, 5,300,OOO. 

1 

. . 

. -. 



. 

NACA RM Na. A&X?3 77 

. . 

. 

l 

. 

. 

0 sharp L. E. 

./6 

.08 

I I I w i i i i i I i i i I 

-.04 

Kkl I I f\hI I 
-.08 

-i/2 
I $I I I I 

I I I I I 1 1 I 
[ 

-./6 

~~-- 
-8 -4 0 4 8 12 /6 20 24 28 

(21 Mach numtrer, 0.10 

Figum 28.~Cmfhued. 



NACARMIb.A8EO3 . 

0.08 

-./6 
t i i i i 

. 

-8 -4 0 4 8 /2 16 

. 
fc/ Mod? number 0.85. . -. - 

Figure 28. - Confhued 



. 

.# 
I 16 =-12” I I I I I I. $\! 1 1 1 1 1 . 

t I I I I IY%.l I I I 
I i i i i i i-d% i i i 
t i i i i i i i‘Rki i - 

(- Moth numbers, 0.93, 0.95. 

Figure 28,~Concluded 



80 NACA FM No. A&E03 

.8 . \ \ \ \, 
\ . 

, .-sting, /b/s9 ff . 

t i i i 
. 

WWi-i--L i . . --- / i I 

I ” 1 ’ I I I I f 

.4 .5 .6 .7 .8 .9 /.O 

Figure 2%The vor/rrf/ons of /iff coefficient, hinge moment, 
and control-f@ angle wifh Much number for /eve/ 
flighf of 0 frhnguhr winged uircraft of 30,000 
feel u/tifude. Wing ureq 500 sq ff; CQ. uf 0.32 &XC 



ItMA RM 100, -3 81 

0 

8’ 
b -2 
cos 

a? -4 

8 

8 -6 
$ 

’ -8 
B 

-10 

‘s,ooo 

4,000 

3,ooo 

<ooo 

4000 

0 

-4000 

-2,000 

J,OOO 

-4,000 

-qooo 

-s,ooo 

-~OOO 

-8,000 

-s,ooo 

-/o,ooo 

I Hhge momenf - A4595 

Coi ffob?Qp mg/e --- --- 

I I I I I I I I 

0 .4 .8 12 L6 20 2.4 2.8 3.2 36 

~Crmc7/ QCCdtSfQ~Ofl fQCfOr; “4 

Figure .%-The VQr/ofions of h&e momenf Qnd confroLA/Qp Qngie wifh 

llOfmQ/ QCCdSfQfiOfl fQCfO< Of SeVefQ/ MQch numbers, fof Q friangU/Qr 
winged Qi&Qff Qf 30,000 feef Q/fifude. Wing /OQding, 6OB per sqf4 

Wing QreQ, 500S9 ftj C.g. Qf 032 lb?&. 
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